Introduction
============

A method to assess the newborn's health status soon after birth was developed in 1952 by Apgar.[@b1-ijwh-10-603] The Apgar score is calculated based on the following five elements: heart rate, reflexes, color, muscle tone, and respiratory effort. Each component is scored from 0 to 2, with a total possible score of 10 at 1 minute and 5 minutes. Additional scores can be obtained at 5-minute intervals based on the status of the neonate. The Apgar score is utilized as a predictor of neonatal survival and to assess the need for resuscitative interventions. There are also limitations when using the Apgar score. The scoring system is influenced by multiple factors such as gestational age and infant maturity. Additionally, the specific elements are subjective to the scorer. Although it has some inherent limitations, its utilization for determining neonatal status after delivery is widely accepted.[@b2-ijwh-10-603]--[@b4-ijwh-10-603]

Prior studies have demonstrated a correlation between low Apgar scores and prematurity and low birth weight.[@b5-ijwh-10-603],[@b6-ijwh-10-603] Lower Apgar scores were shown to be associated with an increased risk of mortality and perinatal complications in preterm infants.[@b7-ijwh-10-603] Attempts have also been made to utilize Apgar scores for predicting a child's future health, but studies have yielded inconclusive results.[@b8-ijwh-10-603]

Up to 5% of pregnancies are complicated by type I or II diabetes mellitus or gestational diabetes. Additionally, mothers with gestational diabetes have been shown to be at an increased risk of developing type II diabetes mellitus (T2DM) after pregnancy.[@b9-ijwh-10-603] Maternal diabetes mellitus is known to increase the risk of macrosomia in infants due to insulin resistance and greater exposure to glucose in utero,[@b10-ijwh-10-603],[@b11-ijwh-10-603] and increased fetal birth weigh has been linked to elevated second- and third-trimester postprandial glucose values.[@b11-ijwh-10-603] Macrosomic infants are at an increased risk of several complications including preterm birth, shoulder dystocia, and hypoglycemia.[@b10-ijwh-10-603] Shoulder dystocia in neonates of diabetic mothers is associated with lower Apgar scores at 1 minute though not at 5 minutes compared to neonates of nondiabetic mothers.[@b12-ijwh-10-603] A study comparing the Apgar scores of neonates of diabetic mothers and nondiabetic mothers would be useful in determining if maternal diabetes is in fact associated with lower 1-minute and 5-minute Apgar scores. The objective of this study is to compare the Apgar scores of full-term newborns of mothers with gestational diabetes mellitus (GDM) or T2DM with the scores of newborns of mothers without impaired glucose tolerance.

Methods
=======

Through a retrospective chart review conducted at Penn State Health Milton S Hershey Medical Center in Hershey, PA, USA, we compared the Apgar scores (n=297, 2007--2016) of newborns of mothers with a diagnosis of either GDM (n=100) or T2DM (n=97) and mothers without a history of diabetes mellitus (n=100). This study was approved by Penn State College of Medicine IRB committee (STUDY00004581), and a waiver of exemption for patient consent was obtained as the study posed minimal harm to the subjects and did neither affect their care nor was any protected health information recorded. All newborns were born at full term (37 0/7 weeks or later). Inclusion criteria for the control group included neonates of full-term mothers (gestational age of 37 0/7 weeks or later) and no prior history of impaired glucose tolerance during or outside of pregnancy. Inclusion criteria for the GDM and T2DM groups included neonates of full-term mothers (gestational age of 37 0/7 weeks or later) and either GDM during the current pregnancy or T2DM. GDM was defined as two elevated glucose values after 100 g oral glucose tolerance test (OGTT). This test was performed after a positive 50 g glucose screening test. T2DM was diagnosed by fasting plasma glucose ≥126 mg/dL, HbA1C ≥6.5%, random plasma glucose ≥200 mg/dL with symptoms of hyperglycemia, or plasma glucose ≥200 mg/dL after 2-hour OGTT. Non-protected health information was collected and included maternal age, birth weight, gender, and 1-minute and 5-minute Apgar scores from 01/01/2011 to 06/22/2016. A total of 100 newborns of mothers without type II diabetes or gestational diabetes were included as the control group. To achieve a power of 80%, a sample size of 97 per group was needed to detect a difference in Apgar scores of 0.5 between the two groups, assuming an SD of 1.2 derived from this study and having a significance level of 0.05. Data of 97 newborns of mothers with T2DM and 100 newborns of mothers with GDM were collected. Statistical analysis was performed using SAS software, version 9.4 (SAS Institute Inc., Cary, NC, USA). Differences in mother's age and newborn's birth weight were tested using ANOVA. The sex of the newborn was assessed by using the chi-squared test. For statistical analysis of the 1-minute and 5-minute Apgar scores, a general linear model with correlated errors was used, due to repeated AGPAR assessments for each newborn, and was adjusted for newborn sex and weight, and maternal age.

Results
=======

Newborns in the control group included 60 males (60%) and 40 females (40%) with an average weight of 3,383.3 g and a mean maternal age of 28.4 years ([Table 1](#t1-ijwh-10-603){ref-type="table"}). In the GDM group, there were 52 males (52%) and 48 females (48%) with an average newborn weight of 3,561.5 g and a mean maternal age of 30.5 years. In the T2DM group, there were 58 males (59.8%) and 39 females (40.2%) with an average weight of 3,635.2 g and a mean maternal age of 31.2 years. The newborn sex was statistically significant neither between the control and the GDM or T2DM groups (*P*=0.25 and *P*=0.98, respectively) nor between the GDM and T2DM groups (*P*=0.27) ([Table 2](#t2-ijwh-10-603){ref-type="table"}). The mean newborn weight and maternal age were both found to be higher in the GDM and T2DM groups. There were statistically significant differences in both age and weight between the GDM and the control group (*P*≤0.001 and *P*=0.03, respectively) as well as between the T2DM and the control group (*P*≤0.001 and *P*≤0.01, respectively). There was no statistically significant difference between the GDM and T2DM groups in either age or weight (*P*=0.38 and *P*=0.37, respectively).

The mean 1-minute and 5-minute Apgar scores were 7.8 and 8.9 for the GDM group, and 7.7 and 8.9 for the T2DM group, respectively ([Table 3](#t3-ijwh-10-603){ref-type="table"}). The mean 1-minute and 5-minute Apgar scores for the control group were 7.8 and 8.8, respectively. There was neither difference in the mean 1-minute Apgar score between the GDM and control group (*P*=0.89) nor was there a statistically significant difference in the mean 5-minute Apgar score (*P*=0.13). There was also no statistically significant difference in the mean 1-minute and 5-minute Apgar scores between the T2DM and control groups (*P*=0.67 and *P*=0.40, respectively).

Discussion
==========

Our study showed that Apgar scores are not associated with maternal GDM or T2DM when compared to normal glucose tolerance in pregnancy. However, an association between maternal GDM and T2DM and newborn weight was found. There was a statistically significant difference in the maternal age as well as the newborn weight between the GDM and T2DM groups and the control group. The increased birth weight in newborns born to mothers with GDM or T2DM was not surprising considering that maternal GDM and T2DM exposes the fetus to increased levels of glucose during pregnancy. The increased exposure to glucose can lead to macrosomia in newborns.[@b10-ijwh-10-603],[@b11-ijwh-10-603] The older maternal age in the GDM group was expected as advanced maternal age is a risk factor for gestational diabetes.[@b13-ijwh-10-603] Advanced age is also a risk factor for the development of T2DM.[@b14-ijwh-10-603]

The Apgar score is a useful tool in the assessment of short-term prognosis for survival,[@b2-ijwh-10-603] but it does have some limitations. The scores have not been validated for the prediction of long-term neurologic outcome,[@b8-ijwh-10-603] are only used as a measure at a single point in time,[@b15-ijwh-10-603] and can be influenced by several factors such as prematurity, maternal sedation, and inter-operator variability.[@b5-ijwh-10-603] However, low Apgar scores have been associated with neonatal mortality.[@b2-ijwh-10-603],[@b16-ijwh-10-603]

There have been several studies on the neonatal outcomes associated with pregestational diabetes mellitus and GDM and Apgar scores. A study of 94 patients with GDM and 14 patients with T2DM showed lower 1-minute and 5-minute Apgar scores and increased incidence of perinatal morbidity of neonates compared to neonates of mothers without impaired glycemic control.[@b17-ijwh-10-603] Other studies have not shown a difference in the 5-minute Apgar scores between neonates of GDM mothers and nondiabetic mothers.[@b18-ijwh-10-603] Thus, there have been mixed results as to the association between the 1-minute and 5-minute Apgar scores and neonates of diabetic patients.

Our study showed that these conditions do not confer any statistically significant difference in 1-minute and 5-minute Apgar scores. There was no significant decrease in the 1-minute and 5-minute Apgar scores in infants of mothers with GDM or T2DM when compared to mothers without diabetes. While research has shown that there is an increased risk of very low birth weight in preterm infants of mothers with diabetes,[@b5-ijwh-10-603],[@b6-ijwh-10-603] there does not seem to be any apparent short-term risks in the full-term infants of mothers with both GDM and T2DM. The Apgar scores of newborns of mothers with GDM or T2DM do not seem to be adversely affected.

Admittedly, there are a few potential confounders for this study, including obesity in the neonates of nondiabetic mothers as well as glycemic control in pregnancies complicated by GDM or T2DM, which could falsely show a lack of association between the groups. Obesity is known to increase the risk of adverse neonatal outcomes and macrosomia.[@b10-ijwh-10-603],[@b19-ijwh-10-603] Because glycemic control was not directly assessed in this study, it remains as a potential confounder. It is possible that the counseling provided to mothers during pregnancy could account for the lack of association observed in this study. Counseling on proper glycemic control is ideally provided prior to conception and throughout the pregnancy in women with T2DM as well as to those identified to be at risk for developing GDM. At our institution, this counseling is given by maternal fetal medicine providers.

Other possible confounding factors and limitations to this study include the lack of comparison of neonates of diabetic and nondiabetic mothers with respect to demographic factors such as race or ethnicity, or smoking status, which could have affected the overall results. Factors such as smoking status in the mother have also been known to adversely affect neonatal morbidity,[@b20-ijwh-10-603] and differences in neonatal morbidity have been observed when adjusted for different races or ethnicities.[@b21-ijwh-10-603] These factors may affect the observed results from this study.

Gestational diabetes constitutes 90% of all diabetes that is encountered in pregnancy.[@b22-ijwh-10-603] A hyperglycemic state has been demonstrated to be a toxic environment to a developing fetus and is often associated with adverse neonatal outcomes.[@b23-ijwh-10-603] In mothers with poor glycemic control, there is an increased risk of perineal tears, uterine atony leading to postpartum hemorrhage, as well as an emergency cesarean section.[@b10-ijwh-10-603] Neonates are at an increased risk of fetal macrosomia and associated complications including shoulder dystocia and need for operative vaginal delivery.[@b10-ijwh-10-603],[@b12-ijwh-10-603] The Apgar score is a useful tool in the assessment of short-term prognosis,[@b8-ijwh-10-603] with lower scores being associated with neonatal mortality.[@b2-ijwh-10-603],[@b16-ijwh-10-603] One study, conducted in Scotland, UK, showed that low Apgar scores at 5 minutes was strongly associated with risk of neonatal and infant deaths.[@b7-ijwh-10-603] However, other committees assert that Apgar scores provide information on the status of the newborn and response to resuscitation if needed but do not predict individual neonatal mortality or neurologic outcome.[@b15-ijwh-10-603] Thus, the application of Apgar scores beyond short-term resuscitation is controversial. Our study looks at the potential association between the Apgar scores and maternal GDM or T2DM. This study does not attempt to predict long-term outcomes or neonatal mortality but instead focuses on the short-term assessment of newborns of mothers with impaired glucose tolerance.

There have been some studies which have analyzed the Apgar scores in diabetic populations. One such study reported that there was no association between mothers with GDM and low Apgar scores, but there was an increased risk of macrosomia.[@b22-ijwh-10-603] This study supports our conclusion that there is no association between Apgar scores and mothers with GDM. Our study expands on this prior study to include mothers with pregestational T2DM as well, given that this group is another population in which there are increased neonatal complications.[@b10-ijwh-10-603],[@b12-ijwh-10-603] Another study found that 1-minute and 5-minute Apgar scores were lower in newborns of mothers with T2DM. However, this study included fewer patients with T2DM[@b17-ijwh-10-603] compared to the present study. Our study was able to show that there was no association even when a greater number of mothers were included. A limitation of our study was not being able to include a group of newborns of mothers with type 1 diabetes mellitus to better examine the spectrum of diabetes and pregnancy.

Conclusion
==========

The findings of our research indicate that 1-minute and 5-minute Apgar scores are not associated with maternal GDM or T2DM when compared to normal glucose tolerance in pregnancy. Additional studies are needed to further confirm the findings of this paper as well as expand the research to include mothers with type 1 diabetes mellitus and compare with mothers without diabetes.
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###### 

Mean maternal age and full-term newborn weight of control, GDM, and T2DM groups

                         Control mean (SD)   GDM mean (SD)   T2DM mean (SD)   GDM vs control difference in means (95% CI) \[*P*-value\]   T2DM vs control difference in means (95% CI) \[*P*-value\]   T2DM vs GDM difference in means (95% CI) \[*P*-value\]
  ---------------------- ------------------- --------------- ---------------- ----------------------------------------------------------- ------------------------------------------------------------ --------------------------------------------------------
  Maternal age (years)   28.4±5.3            30.5±5.3        31.2±5.5         2.2 (0.7--3.7) \[\<0.001\]                                  2.8 (1.3--4.3) \[\<0.001\]                                   0.7 (−0.8--2.2) \[0.38\]
  Weight (g)             3,383.3±592.3       3,561.5±525.9   3,635.2±602.3    178.1 (18.3--338.0) \[0.03\]                                251.9 (90.9--413.0) \[\<0.01\]                               73.8 (−87.3--234.8) \[0.37\]

**Note:** ANOVA was performed with corresponding CI and *P*-values.

**Abbreviations:** GDM, gestational diabetes mellitus; T2DM, type II diabetes mellitus.

###### 

Comparison of sex between control, GDM, and T2DM groups

  --------------------------------------------------------------------------------------------------------------------------------
           Control, %\   GDM, %\     T2DM, %\    GDM vs control, *P*-value   T2DM vs control, *P*-value   T2DM vs GDM, *P*-value
           (number)      (number)    (number)                                                             
  -------- ------------- ----------- ----------- --------------------------- ---------------------------- ------------------------
  Male     60.0 (60)     52.0 (52)   59.8 (58)   0.25                        0.98                         0.27

  Female   40.0 (40)     48.0 (48)   40.2 (39)                                                            
  --------------------------------------------------------------------------------------------------------------------------------

**Note:** Comparison was performed using a chi-squared test (*χ*^2^) with corresponding *P*-values.

**Abbreviations:** GDM, gestational diabetes mellitus; T2DM, type II diabetes mellitus.

###### 

The mean 1-minute and 5 minute Apgar scores of control, GDM, and T2DM groups, adjusted for newborn sex, weight, and maternal age

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                         Control mean\   GDM mean\   T2DM mean\   GDM vs control difference in means (95% CI) \[*P*-value\]   T2DM vs control difference in means(95% CI) \[*P*-value\]   T2DM vs GDM difference in means (95% CI) \[*P*-value\]
                         (SD)            (SD)        (SD)                                                                                                                                 
  ---------------------- --------------- ----------- ------------ ----------------------------------------------------------- ----------------------------------------------------------- --------------------------------------------------------
  1-Minute Apgar score   7.8±0.9         7.8±1.6     7.7±1.5      0.03 (−0.36--0.41) \[0.89\]                                 −0.08 (−0.47--0.31) \[0.67\]                                −0.11 (−0.50--0.27) \[0.57\]

  5-Minute Apgar score   8.8±0.7         8.9±0.5     8.9±0.5      0.13 (−0.04--0.29) \[0.13\]                                 0.07 (−0.10--0.24) \[0.40\]                                 −0.06 (−0.22--0.11) \[0.50\]
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Note:** ANOVA was performed with the corresponding CI and *P*-values.

**Abbreviations:** GDM, gestational diabetes mellitus; T2DM, type II diabetes mellitus.
